In Figure S .1 we illustrate the ray path coverage for Lg across the Australian continent used in the inversion for the 1 Hz band. The great-circle paths from source to station, with epicentral distances between 2° and 20°, are shown in blue. The paths between station pairs used for two-station analysis are shown in red; this set of paths is employed to develop the initial model for the Lg Q inversion using the full dataset. There are 5471 raypaths on the map, with 3722 blue raypaths and 1749 red raypaths.
The two-station technique not only allows us to obtain the initial Lg Q model for inversion, but also plays an important role in increasing raypath coverage and resolution of the Lg attenuation tomography. Apart from the northeast part of the continent, the other areas have a quite dense distribution of great-circle paths with a good pattern of crossing paths that improves resolution.
Section S.2: Resolution Tests for Lg attenuation
In Figure S .2 we illustrate the testing of potential resolution with checker-board anomalies for different frequencies (0.5, 1.0 and 2.1 Hz). In each case variations in Q of ±7% are superimposed on a uniform background Q model. Synthetic spectra are calculated and the tomographic inversion procedure carried out to test for structural recovery with 5% rms random noise added to the spectral data.
For each frequency in Figure S .2 we display resolution tests using checker-board anomalies with grid sizes of 1.0°×1.0°, 1.5°×1.5° and 2.0°×2.0°. For the smallest scale anomalies, recovery is limited except in the regions with the strongest path coverage. However, as the size of the anomalies is increased the recovery of the anomalies is enhanced. The most dramatic improvement occurs between 1.0°×1.0° and 1.5°×1.5° anomalies. Minor improvements on the fringe of the continental area are found with larger anomalies (2.0°×2.0°). Despite our best efforts the path density is lower in the northeast of Australia, and so the amplitude of the recovered anomalies tends to be reduced, even though the pattern of anomalies is well recovered.
From the full results of the resolution testing, we have selected a 1.5°×1.5° grid for the full tomographic inversion across the continent. 
Section S.3: Lg Group Velocity across Australia
The distribution of group velocity for Lg waves in the Australian crust provides additional information on variations in the crust to complement the attenuation characteristics. Although Lg waves rarely have a sharp onset, we are able to exploit the dataset used for the Q inversion and estimate arrival times from changes in frequency content using an autoregressive picker (e.g., Leonard and Kennett, 1999) . From the passage time of the Lg waves we calculate the group velocity for the path. This procedure provides a consistent approach to the estimation of relative group velocity for all paths.
We convert the path information into a Lg group velocity image for the Australian continent using a 2.5°×2.5° grid. Each ray path was sampled at 0.1° intervals, and for each grid node, we averaged the group velocity values for all points with 1.5° to obtain the velocity assigned to the node. 
Section S.5: Estimation of high-frequency ground motion
In Figure S .6 we show the distribution of ground motion for a source placed at the location of the Mw 6.6 Tennant creek event (20°S, 135°E). We have used the propagation equation (1) If the Q distribution were uniform the contours of equivalent magnitude would be small circles centred on the event. The influence of high Q structure tends to expand the contours towards the southwest so that significant energy reaches the west coast. The east coast is somewhat closer and has comparable energy. These results explain why this event, the largest known in Australia, was felt from coast-to-coast. Local sediment amplification in the Perth basin on the west coast would also have enhanced perceptibility.
